Introduction
Rhodopseudomonas sphaeroides forms intracytoplasmic membranes (ICM) containing the photosynthetic pigments when grown phototrophically or heterotrophically with limited aeration [ 11. Mutants lacking bacteriochlorophyll grow under the latter conditions but do not form ICM. Also, the proteins associated with the reaction center and antenna forms of bacteriochlorophyll are not detecable by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
We have applied crossed immunoelectrophoresis (CIE) to the analysis of cell fractions from wild type and mutant strains of R. sphaeroides grown heterotrophically with low aeration to determine if the mutants form cross reacting materials to the proteins of the bacteriochlorophyll complexes. We have also used the technique to identify enzyme activities in the wild type ICM by histochemical staining [4] . The ICM from phototrophically grown R. sphaeroides has recently been analyzed by CIE in other laboratories 1561.
(SDS-PAGE) [2,3 J.
Materials and Methods

Growth of cells and preparation offractions
The mutant strains derived from wild type R. sphaeroides (NCIB 8253) are listed in Table 1 . Cells * To whom correspondence should be addressed.
were grown heterotrophically with limited aeration in malate-glutamate medium as described previously [ 11 .
Membranes were isolated from French press extracts by sucrose gradient centrifugation as described by Ding and Kaplan [7] , with the inclusion of 1 mM phenyl methyl sulfonyl fluoride in all buffers. The wild type and mutant 113-20 gave three fractions on the gradients, of which the upper pigmented band was designated as ICM. Mutants L-57 and 8-17 gave two bands, the upper one being designated as cytoplasmic membrane (CM). The bacteriochlorophyll and succinate dehydrogenase activity of the membrane fractions ale given in Table 1 . The cytoplasmic 
Preparation of antibodies and procedures for CIE
Triton X-100 extracts of ICM and CM from mutants and wild type were prepared essentially as described by Owen and Salton [4] and their methods were followed for CIE, and for protein and histochemical staining. Antibodies t o solubilized ICM from the wild type were raised in rabbits by injection at multiple sites with 1 mg o f the solubilized protein in 50% Freund's complete adjuvant on days 7,14 and 28 and thereafter at monthly intervals. Animals were bled on day 36 and subsequently every 14 days. The combined sera from t w o animals were fractionated, concentrated five-fold and stored as described elsewhere [4, 8] . Monospecific immunoglobulins t o reaction center bacteriochlorophyll and purified reaction center were generously provided by Dr. Jon Takemoto and Dr. Richard Cogdell, respectively. The L-lactate dehydrogenase activity o n the CIE plates was stained by the procedure of Kohn and Kaback [9] , except that t h e L-isomer was used.
A nalytical determinations
Previously described methods were used for assay of succinate dehydrogenase and for determination of bacteriochlorophyll in the membrane fractions [2, 10] . Protein was determined by a modification of the Lowry method with bovine serum albumin as standard [ l l ] .
Results and Discussion
Treatment of the wild type ICM with Triton X-100 solubilized 80 to 90% of the protein and the solubilized material represented all membrane proteins as shown by SDS-PAGE (data not shown). Fig. 1 is a schematic composite of the CIE pattern obtained with wild type ICM. Protein staining showed 37 immunoprecipitates (Fig. 2a) (Fig. 3a,b ). These observations with the ICM of R. sphaeroides grown heterotrophically with low aeration are similar to those made with ICM from phototrophically grown cells [ S ] .
Histochemical staining revealed succinate, L-lactate and NADH dehydrogenase activities and also ATPase in the wild type ICM (Fig. 2b-e) . Succinate dehydrogenase activity was associated with a single immunoprecipitate (No. 25, Fig. 2b ), but the other enzyme activities did not correspond t o a particular immunoprecipitate. They may possibly be minor membrane antigens, revealed by the sensitive histochemical stains. The ability t o detect the enzyme activities is valuable for study of their assembly and orientation in the developing ICM.
Immunoprecipitates Nos. 8 and 10 were identified as cytoplasmic proteins by tandem CIE of ICM cyto- plasmic fraction from the wild type ( Fig. 20 . These proteins may become associated with the ICM during preparation, by entrapment within the vesicle or by nonspecific adsorption to the vesicle surface. The CIE profile of ICM from mutant 1 13-120 lacked the immunoprecipitate attributed to the reaction center complex (No. 33); otherwise, the pattern was siniilar to that given by the wild type ICM (Fig. 3c) (Fig. 4 a  and b) . The absence of reaction center proteins or cross-reacting material in the mutant membranes was confirmed by CIE with intermediate gels containing monospecific antibodies to this complex. The cytoplasmic fractions of the mutants also lacked immunoprecipitable material, when analyzed by CIE with monospecific antibodies, or with antibodies to the wild type ICM. The observations with mutant L-57 and 8-1 7 support previous conclusions based on electron microscopy and analysis by SDS-PAGE; synthesis o f the phytolated bacteriochlorophyll is essential for formation or stabilization of the proteins of the pigment complexes [ 1-31.
The application of CIE to wild type and mutant strains of R . sphaeroides might be valuable for investigation whether formation of the pigment-protein complexes interferes with incorporation and orientation of enzymes such as L-lactate dehydrogenase in the ICM. 
